In the case study of Guanghua Pavilion [光化楼] located in Jiayuguan [嘉峪关] City, Gansu province in China, the 3D laser scanning technology and leveling technology are used to analyze overall tilt, columns tilt and uneven settlement of the pavilion. It is found that Guanghua Pavilion [光化楼] tilted to the southeast; most of the columns from the first floor to the third floor tilted to the northeast and east directions, and all the tilted distance of the columns is within 100 mm.; a certain amount of uneven settlement happened on Guanghua Pavilion [光化楼], in which the east side sinks more obviously. In the process of analyzing the influencing factors of deformation, numerical wind tunnel simulation and Midas Gen modeling methods are used. It is concluded that the external wind load is the main cause of Jiayuguan [嘉峪关] pavilions' deformation.
Ancient pavilions can't be recovered when they are destroyed. Jiayuguan [ 嘉峪关] pavilions reflect the glory of Chinese history and represent China's great achievements in culture, art and science. However, it has been 500 years since the pavilions were established. They suffered a certain degree of damage due to man-made and natural destruction. In recent years, through the regular monitoring of the equipment, we find that the deformation of the pavilions is slowly increasing with the passage of time, so artificial protection is required in this case. The main purpose of our analysis is to know the current deformation situations of the pavilions and influencing factors of the deformation. Then we can prepare for future repairs and protection work and provide technical support.
TECHNICAL ROUTE

Data acquisition
In the field measuring process, we determined the control points with the Leica TS30 total station. In order to make the control points more precise, the target ball and target paper should be set as markers. Then we used the FARO Focus3D X330 3D laser scanner to obtain the point cloud of the pavilions, which was finally spliced according to the control points, so we could get the complete point cloud images (Bai et al. 2013a; Yastikli, 2007a) . In addition, elevation measurement was taken with the leveling instrument of the Trimble DINI03, and we could know the uneven settlement of Jiayuguan [嘉峪关] pavilions. (This type of leveling instrument has an accuracy of 0.3mm, and it's one of the most accurate electronic leveling instruments in the world.)
Data handling
After getting point cloud data and elevation data, we need to handle the data. Combining the field observations and the actual needs of the deformation analysis, we used Leica Cyclone software to slice the point cloud data. The thickness of slices is 5 mm, and the height is determined according to the analysis needs. Then we used Geomagic Studio software for linear or circular fitting to analyze the deformation of different structures such as columns and walls (Liang et al. 2018a; McCarthy, 2014a; Uray et al. 2015a) . Figure 3 is the point cloud slice image of Guanghua Pavilion [光化楼] . 
Simulation analysis
After obtaining the deformation data of the pavilions, it is necessary to analyze the factors that cause the deformation. Two technologies were applied during the analysis: numerical wind tunnel simulation and Midas Gen modeling. Based on the results of the simulation, it is concluded that the external wind load is the main cause of the pavilions' deformation. Guanghua Pavilion [光化楼] has three floors. We sliced the point cloud data for ground and roof positions on each floor, and we got 6 slices. Through Geomagic Studio software, each slice was fitted to a quadrilateral according to the contour of the outer walls and we could get the geometric center of each slice. By studying the variation trend of the geometric centers, the tilt situation of different floors can be known. is tilted to the northeast. The pavilion, as a whole, is tilted to the southeast. The projection distance on the horizontal plane is 160mm, from point 1 to point 6 (the value is not shown in the figure) .
(2) The third floor of Guanghua Pavilion [光化楼] has the most obvious tilt. The projection distance on the horizontal plane is 45mm, from point 5 to point 6; the tilted distance of the second floor is smaller than the first floor and the distance is 39 mm, from point 3 to point 4; the tilted distance of the first floor is the smallest and the distance between point 1 and point 2 is 16 mm.
Tilt of the columns
After analyzing the overall tilt of Guanghua Pavilion [光化楼], we analyzed the tilt of the columns on each floor, mainly around the tilted direction and tilted distance.
Columns on the first floor:
There are 18 columns on the first floor of Guanghua Pavilion [光化楼] . The paint on the surface of the columns has different degrees of shedding, but the wood is not damaged substantially. The preservation is relatively complete. Figure 6 is a scene picture of the columns on the first floor. Slicing the point cloud of the columns on the first floor and simulating the sliced point cloud into a standard circle, so we can get the center coordinates and radius of the bottom and top of the columns. By analyzing the data, the tilted direction and distance of the columns can be known. (The direction in which the bottom center is tilted to the top center is defined as the tilted direction of the entire column. The projection distance between the bottom center and the top center on the horizontal plane is defined as the tilted distance of the entire column.) Figure 7 and figure 8 are the statistical graphs of the columns on the first floor. Figure 7 is a 3D pie graph that provides an intuitive understanding of the tilted distance (unit: mm). Figure  8 is a wind rose graph which shows the tilted frequency in different directions, and tilted distance (unit: mm). The following conclusions can be drawn from figure 7 and figure 8:
(1) The tilted directions of columns on the first floor are mainly concentrated in the northeast and east directions. About 22.2% of the columns tilted to the northeast direction; about 16.7% of the columns tilted to the east direction.
(2) The columns with the tilted distance between 20-40mm accounted for the most, about 27.8%; more than 90% of the columns are tilted less than 80mm.
Columns on the second floor:
There are 28 columns on the second floor, including 18 on the outside and 10 on the inside. Figure 9 shows the tilted direction and tilted angle of the columns on the second floor. We sliced and fitted the point cloud to get Figure 9 . The red circles represent the base of the columns, and the blue circles represent the top of the columns. Arrows indicate the tilted direction, and numbers indicate the tilted angle of each column. According to figure 9, the following conclusions can be drawn:
(1) Most of the columns on the second floor are tilted to the northeast.
(2) The tilted angles of the columns are between 0-3°. There are 7 columns with a tilted angle between 0-1°, 16 columns with a tilted angle between 1-2° and 5 columns with a tilted angle between 2-3°. The following conclusions can be drawn from figure 10 and figure 11:
Columns
(1) The tilted directions of columns on the third floor are mainly concentrated in the southeast and southeast by east directions. About 30% of the columns tilted to the southeast direction; about 30% of the columns tilted to the southeast by east direction.
(2) The columns with the tilted distance between 20-40mm accounted for the most, 40%; all of the columns are tilted less than 80mm.
Uneven settlement
Pedestal:
In the measuring process of the pedestal elevation, the four corners of the pedestal are used as measuring points. Set the elevation at the southeast corner of the pedestal as 0mm, and then measure the elevation at each corner. As can be seen from table 1, among the four corners of the pedestal, the elevation at the southeast corner is the lowest, and the subsidence is the most obvious here; the elevation at the northwest corner is the highest.
Columns on the first floor:
Measure the elevation at the bottom of the column and set the minimum elevation as 0mm. Figure 12 is a statistical graph of the measurement results. The uneven settlement law of the columns on the second and third floors is similar to that on the first floor. We will not offer details here.
SIMULATION ANALYSIS
Numerical wind tunnel simulation
Jiayuguan [嘉峪关] pavilions are located in the vast Gobi area and are often affected by the southwest wind, west wind and northwest wind. CFD numerical simulation is used to analyze the external wind environment. This method has the advantages of low cost, high effect and short period, and it can study the variation trend of the structure under different parameters by changing the parameters of the calculation model.
The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLII-2/W11, 2019 GEORES 2019 -2nd International Conference of Geomatics and Restoration, 8-10 May 2019, Milan, Italy It is necessary to simplify the model when conducting numerical wind tunnel simulation because the shapes of Jiayuguan [嘉峪 关] pavilions are complex. SCDM modeling that is based on the Workbench in ANSYS is adopted. According to the ratio of 1:1, the floor size of the pavilion is set as 12m x 8m with a height of 17.2m. The calculation domain size is 3500m×1700m×300m, which meets the requirement that the blocking rate is less than 3%. In order to accurately analyze the flow characteristics of physical quantity variation near the model, the densified tetrahedral unit is used for partition at the exterior surface of the pavilion model and the nearby grid. Then Fluent was used for calculation and 2000 iterations were set. The residual curves all reached below 10 -4 and basically did not change (Blocken et al. 2007a; Mittal et al. 2019a ). The dominant wind directions in Jiayuguan [嘉峪关] area are the southwest wind, west wind and northwest wind. When we set the wind direction angle to 0° (west wind), the wind pressure distribution of Jiayuguan [嘉峪 关] pavilions is shown in figure 13 . has the smallest deformation. This is the same variation law as the numerical wind tunnel simulation. Then we can conclude that the bigger the wind pressure is, the bigger deformation of the pavilions will be. As can be seen from Figure 14 , the wind pressure of Guanghua Pavilion [ 光化楼] increases with height. The conclusion of section 2.1 indicates that as the height increases, the deformation of Guanghua Pavilion [光化楼] becomes bigger. It can be concluded again that the wind pressure is directly related to the deformation of the pavilions. (Hu et al. 2016a) . Figure 4 is the model of Guanghua Pavilion [光化楼] built by Midas Gen.
Midas Gen modeling
After completing the model, we need to do the load combination. The following loads should be considered into this case: gravity load of Guanghua Pavilion [光化楼] , live load of the floor, snow load of the roof, wind load, earthquake load and temperature difference load (Hua et al. 2015a; Suo et al. 2017a ). The applied load can be obtained by consulting relevant data. Figure 15 is the maximum deformation graph of Guanghua Pavilion [光化楼] under load combination. The main conclusions and outlook are as follows:
(1) Guanghua Pavilion [光化楼] , as a whole, is tilted to the southeast. From the first floor to the third floor, the tilt situation becomes more and more obvious.
(2) Most of the columns of Guanghua Pavilion [光化楼] are tilted to the northeast, east and southeast directions. All of the columns are tilted less than 80mm; the uneven settlement of Guanghua Pavilion [光化楼] is obvious and the east side is generally lower.
(3) Based on the results of the simulation, it is concluded that the external wind load is the main cause of Jiayuguan [嘉峪关] pavilions' deformation. The deformation of the pavilions increases with the increases of the wind pressure.
(4) Based on the existing analysis results, it is necessary to quantify the influence of various factors such as natural environment, artificial environment and load effect on each location of Jiayuguan [嘉峪关] pavilions in the next stage, and establish a hierarchical relationship. When the key components and nodes are damaged, they will be promptly warned. An effective early warning mechanism will be formed.
